Objective: Childhood obesity is increasing worldwide and is increasingly associated with metabolic syndrome (MetS). Our aim was to examine acylation stimulating protein (ASP) and its precursor complement C3, in normal, overweight, and obese Chinese children and adolescents, and the relationships with body size, blood parameters, pubertal development, family environment, and MetS. Methods: Children and adolescents (nZ1603) from 6 to 18 years, boys (nZ873) and girls (nZ730), including normal weight (nZ603), overweight (nZ291) and obese (nZ709) were assessed for body size parameters, pubertal development, blood lipids, glucose, insulin, ASP, and C3. Results: ASP levels were increased in overweight and obese versus normal weight (P!0.001), while C3 showed little variation. This effect of overweight/obesity remained throughout early stages when boys and girls were separated by pubertal development or age, although age and pubertal status itself had no effect. Separation based on ASP quintiles demonstrated significant associations with blood cholesterol, triglyceride, low-density lipoprotein cholesterol (LDL-Chol), glucose, insulin, and homeostatic model assessment of insulin resistance in boys, and LDL-Chol, high-density lipoprotein cholesterol, and glucose in girls. A positive correlation with mother's body mass index in boys and girls (PZ0.002 and PZ0.014 respectively) as well as birth weight (P!0.001) was noted. MetS was strongly associated with increased ASP, the presence of a single MetS factor (especially hypertension, central obesity, or hyperglycemia) was associated with increased ASP. Conclusion: Changes in the plasma adipokine ASP in early obesity are associated with blood lipid and glucose modifications, family environment, and distinct MetS risk factors.
Introduction
Childhood obesity is increasing worldwide. Presently in the USA, 10.4% of children 2-5 years of age are overweight (1) . Even in countries with traditionally low prevalence of obesity, the ratios are rising (2) . A recent study in China, documented the changing rates of obesity over the last 20 years. The obesity prevalence of 0.2% for boys, and 0.1% for girls in 1985 rose to 6-8% for boys and 2-6% for girls in 1995, and is presently at a level of 12.9% for boys and 9.1% for girls (2, 3) . Those numbers are even higher if the overweight subset of children is incorporated into the statistics. Overweight children are more likely to become overweight adolescents; 2.8 times more likely in one study on Chinese children (4) . The numbers are worrisome, as childhood obesity is associated with chronic disease risk factors such as high blood pressure, hyperlipidemia, and hyperinsulinemia (5). The incidence of type 2 diabetes, even in children and adolescents is increasing as well (6, 7) . To develop effective prevention strategies, it is important to understand the causes and consequences of weight gain. Unfortunately the mechanisms that link adipose tissue with dyslipidemia and glucose dysfunction are still incompletely understood.
Adipose tissue, once considered to be a metabolically inert storage site, is now well recognized as an active endocrine tissue (review (8, 9) ). Recent investigations have yielded a whole host of factors released from adipose tissue (collectively known as adipokines) that regulate a number of physiological processes including carbohydrate and fat metabolism (8) . Many of these factors are being examined for their potential links to obesity and other complications in adults such as diabetes and cardiovascular disease. The aim of the present study was to examine adipose secreted factors that are involved in fat metabolism, acylation stimulating protein (ASP; review (10) ) and its precursor complement C3 in overweight, obese, and normal weight children and adolescents from 6 to 18 years old and the corresponding associations with body size, blood parameters, and environmental factors. These adipokines have been shown to be increased in very young obese children aged 2-6 years old, even in the absence of changes in blood lipids (11) .
ASP (aka C3adesArg) is produced through cleavage of its precursor complement C3 by interaction with adipsin and factor B. All three factors are made by adipocytes in a differentiation-dependent manner that results in an increased production of ASP although the proportion of C3 which is converted to ASP is small (!1%) (10) . ASP, in turn, increases triglyceride (TG) synthesis as well as glucose transport in adipocytes, therefore increasing overall fat storage. Both ASP and C3 have been shown in adults, in a number of studies, to be associated with obesity, diabetes, and cardiovascular disease (10) .
Therefore, in the present study, our aim was to evaluate ASP and C3 in association with anthropometric variables, blood lipids and glucose parameters, pubertal development and family environment in normal weight, overweight and obese children, and adolescents. Furthermore, the impact of metabolic syndrome (MetS) factors on ASP and C3 was examined.
Methods

Subjects
Subjects were recruited from a cross-sectional population-based survey: the Beijing Child and Adolescent MetS (BCAMS) study (12) . This study evaluated the presence of obesity and related metabolic abnormalities (hypertension, central obesity, type 2 diabetes, and dyslipidemia) among a representative sample that consisted of 19 593 Beijing school children aged 6-18 years, chosen with a stratified (urban versus rural) randomly clustered (with school as the cluster unit) sampling method evaluated between April and October 2004 in schools in Beijing (12) . The cohort included boys and girls aged 6-18 years. Evaluation included physical examination, blood pressure, fasting finger capillary blood test for glucose, total cholesterol (TC), and TG. Physical examination included body mass index (BMI), waist circumference, fat mass percentage by bioimpedance analysis, systolic, and diastolic blood pressure. Pubertal development was assessed by Tanner stage of breast development (girls) and testicular volume (boys) (13) . Data including birth weight (reported by parents), family history, and age at menarche were collected by questionnaire.
Within this large group of children and adolescents, 4500 were identified with risk factors defined as the presence of any one of the following: overweight based on BMI cutoffs (14) , increased cholesterol (R5.2 mM), TG (R1.7 mM), or glucose (R5.6 mM). In the absence of available guidelines for Chinese children, cut-offs for cholesterol and TG were used for screening based on the Guidelines for Prevention and Treatment of Dyslipidemia in Chinese Adults (15) The cutoff for fasting capillary blood glucose (R5.6 mM) was used for screening based on the study by Bortheiry et al. (16) that was also cited by the WHO report issued in 2003. A parallel reference population of 1045 school-age children was also identified. Within these two groups, 2544 (BCAMS) and 981 (Reference) children/adolescents were recruited for blood samples. Within this total group, the cohort analyzed included 1603 children, boys (54.5%, nZ873) and girls (45.5%, nZ730), of normal weight (nZ603), overweight (nZ291), and obese (nZ709) as defined by age-and gender-specific BMI cutoffs (recommended by the Working Group on Obesity in China (14, 17) . Signed informed consent was obtained from all participants and/or their parents or guardians through all the study processes. The BCAMS study was approved by the Ethics Committee at Capital Institute of Pediatrics.
A positive risk for pediatric metabolic abnormalities was defined by the presence of three or more of the following five components (18): i) central obesity defined as R90th percentile for age and gender (established based on the BCAMS study), ii) elevated systolic and/or diastolic blood pressure O90th percentile for age, sex, and height (according to the BCAMS study), iii) hypertriglyceridemia defined as TG R1.24 mM, equal to the 90th percentile of the reference population, iv) low serum HDL cholesterol defined as %1.03 mM, equal to 5th percentile of the reference population, and v) impaired fasting glucose defined as R5.6 mM.
Fasting blood samples
Venous blood samples were collected by direct venipuncture after an overnight (minimum 12 h) fast. The samples were centrifuged, serum and plasma aliquoted and immediately frozen for future analysis of lipids and hormones. biochemistry analysis system. Plasma NEFA was determined by colorimetric enzymatic assay (Wako Chemicals, Tokyo, Japan). Plasma complement C3 concentration was determined by turbidimetric assay using a polyclonal anti-human antibody specific against complement C3 (Lin-Fei Co., Wuhan P R China). Plasma ASP concentration was measured using a sandwich ELISA method as previously described in detail (19) . For these last assays, (complement C3 and ASP) intra-assay coefficient of variations were !4% and interassay coefficient of variations were !8%. Plasma insulin was detected by sensitive and specific double-antibody sandwich ELISAs with intra-and inter-assay coefficient of variations !10% that was developed in the Laboratory of Peking Union Hospital.
Calculations and statistical analysis
BMI was calculated as weight divided by height (kg/m 2 ). Insulin resistance index was calculated by homeostasis model assessment of insulin resistance (HOMA-IR) as (fasting insulin UI/l)!(fasting glucose mmol/l)/22.5 (20) (21) (22) . Unless and otherwise stated, all results are displayed as meanGS.E.M. ANOVA analyses were used to compare means among the groups. Correlations between two parameters were calculated using Pearson correlation coefficient. For contribution of multiple independent variables on one dependent variable, multiple regressions using forward stepwise regression analysis was used. Parameters not normally distributed were log transformed for analysis. A P!0.05 was considered statistically significant for all analyses.
Results
The BCAMS cross-sectional population-based study evaluated obesity status and related metabolic abnormalities (hypertension, central obesity, impaired glucose, and dyslipidemia) among a representative sample (nZ19 593) of school children evaluated in 2004 in schools in Beijing, P R China. The age range was from 6 to 18 years and included both girls and boys. In the present study, we examined data from 1603 children and adolescent boys and girls (6-18 years). Obesity was defined based on Centre for Disease Control, US (CDC) BMI standards for 6-year-old children (23) , and Chinese BMI standards established for 7-18-year-old children and adolescents (14, 17) , resulting in 603 normal weight, 291 overweight, and 709 obese girls and boys. The clinical and laboratory data of the 1603 subjects distributed according to their gender and body size are shown in Table 1 . There was a significant difference in the average age between the normal, overweight, and obese groups for both boys and girls. Consistent with the BMI classification, % body fat (%BF), waist circumference and waist/height ratio were also significantly different between the different groups in boys and girls ( Table 1) . As shown in Table 1 , systolic and diastolic blood pressures were significantly increased in the overweight and obese girls and boys (both P!0.0001).
Glucose homeostasis and serum lipid profiles are shown in Table 2 for the boys and girls. Although no significant change was observed in fasting blood glucose levels, insulin and insulin-resistance index (HOMA-IR) were significantly increased in overweight and obese groups in both genders (P!0.0001 by ANOVA). There was no difference in TC between groups, but significant differences in LDL-Chol (boys only) and in HDL-Chol (boys and girls) were detected. Similarly, although there was no difference in NEFAs levels, there were significant increases in serum TG in overweight and obese boys and girls.
Results for ASP, complement C3 and the % ASP/C3 ratio are shown in Fig. 1 . There were significant increases in ASP (P!0.001) in overweight and obese groups, both boys and girls, versus normal weight group. A comparison of ASP levels in boys versus girls indicated no overall difference between sexes in overweight and obese groups, but a significant increase in ASP in normal weight girls versus normal weight boys (Mann-Whitney Test, PZ0.016). By contrast, complement C3 showed no significant change in overweight and obese versus normal weight group in both genders, however, when pooled together, C3 was increased in overweight and obese subjects versus normal weight (PZ0.025). The % ASP/C3 ratio is an indication of the percentage of C3 converted to ASP that is usually !1% (10). Conversion of C3 to ASP is tightly regulated, and leads to increases in ASP, the biologically active molecule that stimulates adipose TG storage. The % ASP/C3 was significantly increased only in obese and overweight boys (P!0.001).
In order to evaluate the impact of age and/or pubertal development in combination with body size on ASP and C3 levels, boys and girls were further subdivided. Boys were separated in distinct pubertal development groups based on testicular size, as shown in Table 3 . As shown in Fig. 2A , overall ASP was increased in overweight and obese boys at all levels of pubertal development (twoWay RM ANOVA, P!0.0001). When each stage is examined individually, the increase in ASP in overweight and obese boys was most pronounced at the initial stages of development (Testicle V1, V2, and V3, P!0.0001, PZ0.0009, and PZ0.0004 respectively). While body size influenced ASP levels at all stages of pubertal development, on the other hand, pubertal development itself did not appear to influence plasma ASP levels (Pearson correlation coefficient of ASP with testicular volume rZK0.013, P NS), nor did age correlate with plasma ASP (Pearson rZK0.060, P NS). On the other hand, complement C3 showed no significant difference between overweight and obese groups versus normal weight at every pubertal development stage (Table 3) , but there was correlation with pubertal development (Pearson correlation of C3 with testicular volume rZ0.070, PZ0.04) as well as age (rZK0.081, P!0.02).
As with boys, the girls were further separated in distinct pubertal development groups as assessed by Tanner stage of breast and pubic hair development (Table 3) . Results for C3 and ASP are provided in Table 3 and Fig. 2B respectively. Although C3 increased in overweight and obese girls in the younger groups (Tanner stage 1 and 2), overall there was little significant change in C3. Furthermore, there was no correlation of C3 with either Tanner stage (Pearson rZ 0.041, P NS) or with age (Pearson rZ0.024, P NS). The effect of overweight and obesity on plasma ASP during development in girls is shown in Fig. 2B . At all stages of development (Tanner 1 to Tanner 5) there was an overall increase in plasma ASP in overweight and obesity (two-Way RM ANOVA, P!0.0001). As with C3, there was no influence of Tanner development stage itself (Pearson rZ0.023, P NS) or age (Pearson rZ 0.042, P NS) on plasma ASP.
To examine factors relating directly to plasma ASP, the data was separated based on ASP quintiles in boys and girls separately. As shown in Table 4 , for boys, there was a marked increase in %BF, BMI, waist circumference and waist/height ratio with increasing quintile of ASP (all P!0.0001). There was also a strong association with both systolic and diastolic blood pressure (both P!0.0001), with cholesterol, TG, and LDL-C but not HDL-C. ASP was strongly associated with glucose, insulin, and HOMA-IR. In all cases, the association was positive, with increasing lipids, glucose, and insulin in the higher ASP quintiles.
Results for ASP quintiles in girls are given in Table 5 . As with boys, there were strong associations of plasma ASP with %BF, BMI, waist circumference, and waist/ height ratio. Similar to boys, there was also a strong positive association of ASP quintile with systolic and diastolic blood pressure. Associations with lipids and glucose were less pronounced than with boys, with a weak correlation with glucose, and significant correlations of lipid parameters only with LDL-C (positive) and HDL-C (negative). Even at a very young age, ASP correlated with lipid parameters. In younger boys (age !9 years), ASP was positively correlated with TC (rZ0.098, PZ0.003), TG (rZ0.103, PZ0.002), and LDL-Chol (rZ0.12, PZ0.0003). At Tanner 1 for girls, positive correlations of ASP with TC (rZ0.141, PZ0.025), TG (rZ0.151, PZ0.019), and LDL-Chol (rZ0.195, PZ0.002) were noted, but negative correlation with HDL-Chol (rZK0.128, PZ0.046).
The effect of family environment on plasma ASP levels was examined. As shown in Table 6 , in both girls and boys there was no influence of father's BMI, although there was an influence of mother's BMI. In both boys and girls, higher quintile of ASP was associated with higher birth weight (ANOVA, P!0.0001 and PZ0.003 respectively). There was no effect of twins or gestation stage (c 2 , all P NS) in both boys and girls. The data presented above demonstrate that the strongest effects on ASP profile are related to body size, blood pressure, lipids, and glucose homeostasis. As all of these are indices used to reflect the presence of MetS, we examined the relationship of these parameters to ASP. MetS in the present population is defined as three or more of the following indices: central obesity, high blood pressure, hypertriglyceridemia, low HDL-C, or impaired fasting blood glucose (using cut offs as defined in Methods). Boys and girls were stratified according to the absence of MetS indices (MetS 0) or the presence of 1-5 All values are reported as meanGS.E.M. Boys were separated based on testicular volume where V1Z1-4 ml, V2Z5-9 ml, V3Z10-14 ml, V4Z15-19 ml, VR20 ml. Significance was calculated by ANOVA where differences versus normal weight group are indicated as † P!0.01, ‡ P!0.001, and NS, not significant.
MetS indices (MetS 1 to MetS 5)
. For boys, with increasing numbers of MetS indices, there were corresponding significant increases in average age, body size (%BF, BMI, and waist circumference), blood pressure, lipids (TG and LDL-C), glucose, insulin, and HOMA-IR, with decrease in HDL-C. However, there was no significant change in TC or NEFA (results not shown). Similar results were found for girls (results not shown). As shown in Fig. 3A and B, average plasma ASP increased significantly in both boys and girls with increasing number of MetS indices. On the other hand, there was no significant change in complement C3. Interestingly, even in the presence of a single isolated MetS risk factor, average plasma ASP was significantly increased. In order to identify the factor(s) that most influenced plasma ASP, this group (nZ257 for boys and nZ222 for girls) was further subdivided according to the individual MetS parameters. As shown in Fig. 3C (boys) and D (girls), impaired fasting glucose, central obesity, and high blood pressure had the greatest effect on plasma ASP, with isolated hypertriglyceridemia or low HDL-C having little or no influence.
The additive contributing influence of all the parameters examined (continuous and ranked) on plasma ASP was evaluated by forward stepwise regression. While many factors correlated significantly with plasma ASP, for boys the optimal combination was the following: number of MetS factors (P!0.001), fasting plasma glucose (P!0.001), presence of obesity (P!0.001), presence of MetS (P!0.001), birth weight (PZ0.014), and NEFA (PZ0.036; all positively) and complement C3 (P!0.001; negatively), which best predicted the variation in ASP (rZ0.410). For girls, a similar analysis indicated that a combination of the following was the most significant: number of MetS factors (P!0.001), presence of obesity (P!0.001), presence of central obesity (PZ0.009), birth weight (PZ0.033), gestational index (P!0.001), TG (PZ0.004), LDL-C (PZ0.015), and father's BMI (PZ0.026; all positively) and complement C3 (PZ0.013; negatively) best predicted the variation in ASP (rZ0.402).
Discussion
There has been an increasing focus recently on the consequences of overweight and obesity in children and adolescents. In the present study, the salient finding was that ASP was increased in both overweight and obese children and adolescents at all ages in both boys and girls. Increased ASP was associated not only with indices of body size, but also with increased glucose and lipid profiles in both boys and girls. Finally, there was an association with risk factors for MetS components, with increasing number of components associated with increasing ASP (Table 4) , although the presence of even a single parameter (such as high blood pressure, central obesity, or high glucose) being sufficient to be associated with increased ASP (Fig. 3) .
In the present study, there was a change in plasma C3 with overweight and obesity, although only when the data for boys and girls were pooled. Elevated C3 concentrations have been previously reported in adults with obesity, type 2 diabetes, hypertension, hyperlipidemia, and coronary artery disease, all of these known to be associated to obesity (review, (10)). Furthermore, increased C3 has been suggested to be a predictor of myocardial infarction (24, 25) . These associations and predictive value of C3 have been reinforced over the last few years, with evaluation of C3 in additional studies as reviewed recently (26, 27) , even demonstrating greater predictive value than insulin or C reactive protein. Figure 2 Plasma acylation stimulating protein in boys and girls according to pubertal development. Boys (A) were divided based on pubertal development according to testicular volume where V1Z1-4 ml, V2Z5-9 ml, V3Z10-14 ml, V4Z15-19 ml, V5R20 ml. Girls (B) were separated based on Tanner stages 1-5. All values are reported as meanGS.E.M. for normal (open bars), overweight (hatched bars) and obese (solid bars) groups where n values are provided in Table 3 . Significance was calculated by two-way RM ANOVA versus normal weight group, P!0.0001 for both boys (2A) and girls (2B) (see text for details).
Overall, this reflects an increasing recognition of the association of inflammatory markers with obesity, diabetes, and cardiovascular disease.
There are relatively few studies of C3 in children. Our study on very young children (age 2-6 years old) demonstrated a small but significant increase in plasma C3 in very young obese subjects (ideal body weight was on average 150%) (11) . In subsets of the AVENA study, inflammatory markers and MetS were evaluated in groups of Spanish adolescents (400-500 subjects, aged 13-18.5 years (28) (29) (30) (31) . To date, results indicate that inflammatory markers, C reactive protein and especially C3 were associated with indices of fitness and fatness (27, 28) . However, in these studies, while the increase in C3 is significant, the relative changes are small nonetheless (10-15% increase in C3) (10, 11) . These results are consistent with the present study, although unfortunately no data for ASP are available in the AVENA study and the samples size and age ranges are smaller. Thus, the increase in C3 may become more pronounced in adults, and may not be as easily apparent in children and adolescents under all circumstances or in all ethnic groups.
The changes in plasma ASP, by contrast to C3, are much greater, with an average increase of w50%. In adults, comparable increases in ASP are seen with obesity, diabetes, and cardiovascular disease (10) . Overall, in spite of the recent interest in inflammatory factors in metabolism, there are few studies that measure both C3 and ASP. Nonetheless, in the present study, the lack of marked changes in the ASP precursor, complement C3, suggests that the increased ASP is a consequence of increased conversion of C3 to ASP (as indicated by the increase in % ASP/C3 ratio) although the total amount of C3 cleaved to generate ASP is always small (1-2%). While factor B and adipsin are both required for conversion of C3 to ASP, the processes that regulate this in the adipocyte milieu remain undefined.
How early can the association between increased plasma ASP and obesity/altered lipid profiles actually be detected? In the present study, when taken as an overall group, there was an increase in plasma ASP in overweight and obesity, even in the absence of altered glucose, cholesterol or NEFA. Thus, the changes in glucose and cholesterol which are associated with obesity may only occur in adulthood. When separated according to age or pubertal stages, even in the youngest group, overweight and obesity were associated with increased ASP (both girls and boys). In the youngest children examined, the age range is situated just after the adiposity rebound which is known as a high risk factor (4, 32) , and it could be suggested that the change in ASP precedes the altered lipid profile. We have previously demonstrated that ASP is increased in obesity in even younger children (2-6 years old); even in the absence of a modified lipid profile (11) . The present study examined children and adolescents aged 6-18 years, and is the first study to our knowledge, to examine ASP in the context of childhood and adolescence. It should be noted, however, that these results are in Chinese children, and, given the potential effects of ethnic background and diet on adipose tissue deposition, body weight, and metabolism, the results are not necessarily generalizable to all children in all populations.
Previous studies suggest that an individual's intrinsic regulatory process for control of body fatness can be altered permanently by early environmental modification and this may occur even in utero. Mother's body size and offspring birth weight were shown to be associated with ASP in both boys and girls. Birth weight was an independent contributing factor in predicting ASP and a high birth weight has been proposed as an independent risk factor for obesity (33, 34) . An early association between ASP and obesity can be inferred from two previous studies. First, it has been demonstrated that cord blood ASP was predicted by maternal lipids and correlated with fetal birth weight (35) . Second, increased maternal plasma ASP correlated with hyperlipidemia at late gestation (36) . Thus, an intimate link between mother to child can be made for plasma ASP. These associations between lipids, body weight and ASP, even at very early ages, raise the question of what is the signal for increased ASP and its potential role? First, since ASP is generated by adipose tissue, increased adipose tissue mass can lead to increased ASP (37, 38) . However, this is not likely the only signal for production of ASP, as some nonobese subjects can also have increased ASP (19) but also the nonobese subjects with diabetic, thyroid, or polycystic ovary syndromes present with increased ASP (39-41). While we have no direct evidence, we hypothesize that increased ASP may be a compensatory response. In an early phase, increased ASP may be a positive factor, enhancing lipid storage and preventing alterations in circulating lipids and glucose. With chronic increases in plasma ASP, ASP resistance may evolve. This possibility has been raised in previous studies, in adults with increased ASP in insulin resistance, thyroid dysfunction, cardiovascular disease, and other studies (10, 39, 40) . The hypothesis is further supported by biological studies in cultured adipocytes which suggest that metabolic factors such as high NEFA, steroid hormones and TNFa decrease levels of the ASP receptor C5L2 and decrease ASP responsiveness, inducing a state of ASP resistance (42, 43) .
In summary, ASP is altered in overweight and obese children, and adolescents. Family environment is an important genetic and environment risk factor. These changes initiate early on and are followed across pubertal development in boys and girls. Furthermore, these changes are associated with modification of lipid profiles, central obesity, and blood pressure, all linked to MetS that may lead to a chronic state at adult age. 
